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DESCRIPTION 2326019 

ELECTRONIC DEVICES COMPRISING THIN-FILM TRANSISTORS AND 

THEIR MANUFACTURE. 

5 
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way of reducng such instabilities of TFTs in an electronic 
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device The thin-film field-effect transistor has a gate electrode which overlaps 
and is coupled to an undoped channel region of a semiconductor film pattern 
on an insulating substrate for controlling currant flow through the channe. 
region The transistor has a field-relief region of one conductivity type between 
ma undoped channel region and a drain region of the one conductivity type, the 
conductivity type determining doping concentration of the field-relief rag,on 
being lower than that of the drain region. This field-relief region is no 
overlapped by the drain region nor modulated by the gate electrode, and ,t 
extends from the drain region longitudinally towards the gate electrode in an 
area of lateral separation between the gate elecfrode and the drain region. 

Although such a field-relief region is effective in reducing the instability 
effects, the transconductance of the TFT is reduced due to the increased series 
resistance arising from the unmodulated tengm of the field-relief region m this 
area of lateral separation. The increase in series resistance can be quite 
significant due to the high density of trapping states in the po.ycrystel.ine or 
amorphous silicon film (or films) in which the undoped channel region and the 
,ow-doped field-relief region are provided. Measurement of these trapping 
states and their distribution and their effect is described in the arbcte 
"Characterisation Of Trapping States In Polycrystalline-Silicon Th,n-F„m 
Transistors By Deep Level Transient Spectroscopy" by the present inventor, 
published in Journal of Applied Physics 74(3), 1 August 1993. pages 787 to 
1792. the whole contents of which are hereby incorporated herein as reference 
material. 

I, is an aim of the present invention to provide a different arrangement 
of a field-relief region at the drain of a TFT. which reduces instabilities due to 
high drain field while avoiding or reducing an increase in series resistance and 
a decrease in TFT transconductance. even with a high density of trapping 

states 

According to one aspect of the present invention there is provided an 
electronic device including thin-film circuit e.ements which cojsea 
semiconductor film pattern on an instating substrate, one of the circuit 
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elements being a thin-fl,™ field . effect havjng g ^ 
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overlapped by the gate. Typical*, the electric field along this large overlapped 
,ength of field-relief region exhibits a first peak between the channel region and 
field-relief region and a second peak between .he fieK-relief region and the 
drain region. By adjusting the doping concentration o, the field-relief region^ * 
is possible to control which of the first and second peaks is of a h,gher 
intensity. Thus, for example, when the field-relief region is of a uniform doping 
ooncentrafion with a uniform density of trapping states, the intensity of the 
second peak can be reduced relative to the first peak by increasing the dopmg 
concentration of the field-refief region, and vice versa. The intensKy of each 
peak can also be reduced by grading the doping concentration in the v,c,n,ty 
of that peak. Thus, the doping concentration between the field-relief region and 
the drain region may be graded to reduce the intensity of the second pea,. 
The doping concentration of the fieM-relief region may be graded ,nto the 
channel region to reduce the intensity of the first peak. 

According to the second aspect of the present invention there are 
provided various methods of manufacturing such an electronic device. The 
gate electrode may be formed overlapping the field-relief region by proving 
a conducive film portion on a dielectric film over fine fiekf-relie, region after 
forming the field-relief region with its said tower doping concentration. However 
the TFT may be of an inverted configuration, in which the gate electrode ,s 
formed on the insulating substrate before depositing and forming the 
semiconductor film pattern, and the field-relief region with its said lower doping 
concentration may be formed subsequently to overtop the gate electrode. 

.._t_. k« .,eoH tn arade the doping 

Various process tecnnoioyi*» y ~~ 

concentration of the field-relief region. The doping concentration may be 
graded progressively along the length of fine field-relief region. Alternately. 
Ls. of the length of the field-relief region may be of substantially uniform 
doping concentration, and the graded doping concentration may be present at 
the interface of the field-relief region with the undoped channel region and/or 

the highly doped drain region. 

,n one form the doping concentration of the dram reg,on may be 
provided by dopant ion implantation while using the gate etoctrode as a mask. 
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the edge of the gate electrode being bevelled so as to grade the implanted 
doping concentration from the drain region to the field-relief region. Such a 
process technology is particularly advantageous in providing a self-registered 
TFT structure in which the graded edge of the highly doped drain region is self 
aligned with the edge of the gate electrode. 

In another form the drain region and at least the adjacent part of the 
field-relief region may be formed by a) depositing a semiconductor film with a 
doping concentration which increases progressively from the field-relief region 
to the drain region, and b) defining an interface between the drain region and 
the adjacent part of the field-relief region by etching away an area of the 
increased doping concentration to leave a bevelled surface between the drain 
region and the field-relief region. This etching step may also free the undoped 
channel region of an overlying deposit of the doped semiconductor film, and the 
overlapping gate electrode may then be provided on a dielectric film over the 
channel region and over the bevelled surface of the field-relief region. 

In yet another form the doping concentration of the highly doped region 
is diffused into the field-relief region to grade the doping concentration between 
the field-relief region and the drain region. 

These and other features of the present invention, and their advantages 
are illustrated specifically in embodiments of the invention now to be described, 
by way of example, with reference to the accompanying- diagrammatic 
drawings, in which; 

Figure 1 is a cross sectional view of a TFT structure in an electronic 
device in accordance with the present invention; 

Figure 2 is a cross sectional view of the TFT structure of Figure 1 at a 
stage in its manufacture by a method in accordance with the present invention; 

Figure 3 is a graph of the simulated peak drain field Ep in V.cm' 1 as a 
function of implantation dose d in dopant ions per cm 2 for the field-relief region 
of such a TFT as illustrated in Figure 1; 

Figure 4 is a graph of the simulated potential V in volts with distance X 
in //m along the source to drain current path through such a TFT; 
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Figure 5 is a graph of the simulated electric field E in volts cm 1 with 
distance X in along the source to drain current path of such a TFT; 

Figure 6 is a graph of experimental results showing the variation of a 
defined "degradation" value of drain voltage Vd in volts with gate voltage Vg in 
volts for such a TFT structure in accordance with the present invention; 

Figure 7 is a cross sectional view of another TFT structure in accordance 
with the present invention, in which a plurality of semiconductor films are used 
to form the semiconductor film pattern comprising the undoped channel region, 
the low doped field-relief region, and the highly doped drain region of the TFT; 

Figure 8 is a cross sectional view of the structure of Figure 7 at a stage 
in its manufacture by a method in accordance with the present invention; 

Figure 9 is a cross sectional view of a further TFT structure in 
accordance with the present invention, in which a bevelled gate edge is used 
to grade the doping concentration between the highly doped drain region and 
lower doped field-relief region of this TFT; 

Figure 10 is a cross sectional view of yet another TFT structure in 
accordance with the present invention, in which a bevelled surface is etched in 
the semiconductor film pattern between the highly doped drain region and the 
field-relief region of the TFT, and 

Figure 11 is a cross sectional view of an inverted TFT structure in 
accordance with the present invention at a stage in its manufacture by a 
method also in accordance with the present invention. 

It should be noted that, except for the graphs of Figures 3 to 6, all the 
drawings are diagrammatic and noi drawn io scale. Relative dimensions and 
proportions of parts of these Figures 1, 2, and 7 to 11 have been shown 
exaggerated or reduced in size for the sake of clarity and convenience in the 
drawings. The same reference signs are generally used to refer to 
corresponding or similar features in the different embodiments. 

The TFT of Figure 1 comprises an island of a semiconductor film pattern 
11 on an insulating substrate 10. The TFT has a gate electrode 12 which 
overlaps and is coupled to an undoped channel region 1 of the semiconductor 
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27 11 ^ 93,6 12 S — — " manner for 

contrc.na current flow trough the channel re gi on 1 befcveen souroe and 12 

eg-ons 2 and 3 of the TFT. The transfer of Figure 1 Has a fle W -re lie f re^n 

channel rag™ 1 and «he high* doped drain region 3 also of the T 

of tt,e field-reflef reg™ 5 ,s lower than fha. (n + ) o, the drain region 3 ,n he 
particular exampte of Figure 1 a symmetrica, TFT configuration is shol t 
wh,ch a simflariy ,ow,y-doped region 4 h present be Jen the hl.yToJ, 
> source region 2 and the undoped channe. region 1 " ^ 

In accordance with the present invention the gate electrode 12 overlaps 

Z S ^ , ; ,hefie,d " re,tefre9i ° n5WerSUb — ^een,ire,engtu 
of «he field rekef region s between ^ ^ regjon 1 an(j ^ 

mao ri 7 PP6d ' en9,h ^ " ** **• re,fef * is an order of 

magnttude larger than the thickness , of the semiconductor fi,m pattern 1 X 

^ , doped drain region 3 In bot h Z ST 2 J of",^ 
rlion 2 and r 3 toW " d0Ped re9i ° n 4 fe ate ° ~° between the souroe 

circutts and a ma«x o^ Z7 T ** TFT drive 

a mamx of TFT swrtchmg transistors. In the case nf = «=,. 

display as described in US-A-5 130 spq «, „ Panel 
of the display The a SUbstra,e 10 «W be a back plate 

d,sp.ay. The dev,ce substrate ,0 is electricafly insuring a, .east 
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adjacent to its top surface. The substrate 10 may comprise a g.ass or other 
,ow-cost instating material, in a particular embodiment, it may compnse an 
upper layer o, silicon dioxide on a g.ass base. In most typical cases^the 
substrate 10 is only capable of withstanding temperatures of less than 700 C 
(Celsius), for example up to 625»C for a glass of moderate quality and cos . or 
as low as about 200"C for a poorer quality glass or for a plastics material. A 
,arge number of the individua. TFTs of Figure 1 are generally formed side by 
side on the device substrate 10 and are interconnected by thin-film conductor 
patterns such as metal tracks, 21. 22. 23. These tracks 21.22,23 etc extend 
from the individual TFT islands onto and across the substrate 10. 

The film pattern 1 1 may be of polycrystalline silicon having a thickness 
t in the range of about 40 nm (nanometers) to 0.1 ^ (micrometres). Th,s film 
pattern 11 may be formed in known manner by depositing a silicon film on the 
substrate 10 and subsequently etching the film to form the desired ,s.and 
pattern for the TFTs. The silicon film may be deposited by a low pressure 
chemica. vapour deposition (LPCVD) process or a plasma-enhanced chemica 
vapour deposition (PECVD) process. At a deposition temperature of about 
620-C or less with LPCVD or 350°C or less with PECVD, a po.ycrystell.ne 
silicon film is formed in situ on the substrate. With a lower temperature eg. 
,ess than 5 5 0"C wHh a LPCVD process, or between 200«C and 300°C with a 
PECVD process) amorphous silicon material is deposited. This amorphous 
silicon material may be crystallised into po.yoryste.line materia, in known 
manner, by heating the structure in a furnace to about 600'C or by heating the 

* w~rw inui/ r.ost orocess (sucn 

film With a laser beam. It is also possiu» . >-—, • 

as evaporation or sputter deposition) to deposit the silicon materia, which ,s 
then crystallised to better quality material in such a heating step. 

The polycrystalline silicon material resulting from all these processes has 
a high density of charge-carrier trapping states, even when the matenal 
comprises large crystal grains such as can be formed by furnace annea^ 
The deposited materia, contains no de.iberate doping, but its conductivity , 
determined by the high dens«y of trapping states. These trapping states resuK 
in the Fermi .eve, be.ng pinned near the middle of the energy band gap. so 



9 PHB 34162 



the conductivtty of the polyline materia, is effective* intrinsic or very 
sl.gh«y n-type in some polyoystalline forms. ^ area of this undoped material 
is retained to form the channel region 1 of the TFT. 

Figure 2 illustrates a stage in the manufacture of the TFT of Figure 1 in 
e which a low doping concentration n- (for example, of phosphorous or another 

mlnJT? imr0<1UOed ^ - Und ° Ped PO ' yC " e - 
matenal. The channel region 1 1s masked against this donor doping step In 

«ie specfic example of Ffcure 2. this doping step is carried out by implantation 

, I;; 0 ;; 00 ; 0 T 9h an insu ' a,in9 ,ayer 31 ° n ,he «■*- ^ — •» 

*«* 11. The channel region 1 is masked against me implantation by a 
ma k,ng pattern 32. The masking pattern 32 may be of for example 
photoresist. The insulating tayer 31 may be of the same dielectric materia, and 
thickness as required for the gate diefecttic 13 of the TFT of Figure 1 
Typically, the nar 13 (and 31) may be of silicon dioxide having a thickness in 

r^T; T* °T '° ° ThUS ' ^ - **> 
" Z ° h " 9 ^ 32 may be removed fr °™ •» Metric layer 

31 and the gate electrode may be fbmted by providing a conductive film 
portion ,2 on the dielectric fflm 31. This conduce aim portion 12 is provided 
over me channel region 3 and over the implanted areas for the regions 4 and 

The conductive film portion 12 may be of metal, or it may be of silicon 

utr,: s :r ,o a N9h,y *** — - - - *»zz 

usedto fomn the source and drain regions 2 and 3. The film portion 12 on the 

felT r ° f 31 ^ Se,Ve " a " '""'^n mask during me 
fom,a„on of the highly-doped source and drain regions 2 and 3 by dopant on 

~;;d in kmwn manner ™ - -centLr; 
Zf oC i^r t 3 (and ° f a — 9ate — 12 > * - - 

examot 1 T ° " Ph ° roUS ^ A ««* •» 14 (for 

examp te O , s,„co„ d,oxide, is deposited over the gale electtode , 2 . ater wn cn 

Alms 14 and 13 (31). The conductor tracks 21. 22. 23 are then provided to 
comae the hooped source region 2. gate electrode 12, and dragon 
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3. The TFT structure of Figure 1 is thereby formed. 

In the embodiment described so far with reference to Figures 1 and 2, 
a similar overlapped low-doped region 4 is shown between the highly source 
region 2 and the undoped channel region 1, in addition to the overlapped low- 
doped field-relief region 5 between the channel region 1 and the drain reg.on 
3 The resulting TFT is symmetrical in operation with respect to its source and 
drain However, where a symmetrical TFT structure is not required, the low- 
doped region 4 may be omitted in favour of an extension of the undoped 
channel region 1 to abut the highly doped source region 2. This non- 
symmetrical structure can be fabricated by adopting a wider mask 32 for the 
channel region 1 in Figure 2, and by arranging the gate electrode 13 so that «t 
does not overlap the low doped implant at the source end of the channel reg.on 
1 whereby the source region 2 when formed by the subsequent self-aligned 
implantation abuts the undoped channel region 1. A nonsymmetrical TFT 
model of this type was used for the simulations of Figures 3 to 5, wrth the 
following dimensions chosen by way of a specific example: 

Length L1 of 6//m for the undoped channel region 1; 
Length L2 of 2//m for field-relief region 5; 
Length L3 of zero, i.e no region 4; 
Length of 8//m for gate electrode 12; 
thickness t of 40 nm for silicon film 11; 
thickness of 0. 1 5/#m for gate dielectric 1 3. 
The high density of trapping states in the polycrystalline silicon film 11 

was modelled into the simulations ot ngures oiu, - 

homogeneous density of states distributed in an energy continuum through the 
silicon band gap, as described in the said J Applied Physics 74(3) article by the 
present inventor. 

The doping concentration (n-) ot the field-relief region 5 is very much 
tower than that <n+) of the drain region 3. In the absence of conduct**, 
modulation due to the overtopping gate 12. the long length L2 of this fieW-rehef 
region 5 would introduce a high series resistance into the main current path of 
the TFT This series resistance problem is particularty acute due to the h,gh 
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density of charge-trapping stages in the polycrystalline silicon material of the 
TFT island 11. The region 5 cannot have a sufficiently high doping 
concentration to compensate for this series resistance without adversely 
affecting its field-relief function, as is illustrated in Figure 3. 

Figure 3 shows a simulation of how the peak value Ep of the electric 
field between the channel region 1 and the highly doped drain region 3 varies 
with the doping value d of the field-relief 5 overlapped by the gate electrode 12 
The doping value d is the activated dose in cm" 2 of implanted dopant in the 
region 5. In this simulation the region 5 has a length L2 ; of 2 ^rx which is 
overlapped by the gate electrode 12. 

As can be seen from Figure 3, the optimum dose for low peak field Ep 
occurs in the region of 10- cm 2 . This corresponds to a doping concentration 
of the order of 10 17 cm 3 , with a film thickness of up to 0.1 „m. Figure 3 shows 
that the peak field Ep is approximately halved in value at this optimum dose 
Th,s permits the TFT of Figure 1 to be operated at approximately twice its drain 
voltage, without significantly increasing the field enhanced leakage current and 
other instabilities resulting from the high electric field. Thus a significant 
increase in maximum drive voltage is obtained for this TFT which has a long 
low-doped field-relief region 5 overlapped and modulated by the gate electrode 
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Because the length L2 of the overlapped field-relief region 5 is very 
much larger than its thickness t, the electric field distribution in the region 5 with 
rts h,gh density of trapping states has both a vertical component dependent on 
the potential of the gate electrode 12 and a horizontal longitudinal component 
dependent on the potential drop between the channel region 1 and the drain 
reg,on 3. In the on-state a good conduction channel is induced along the 
length L2 of the region 5, due to modulation by the gate electrode 12 so that 
the region 5 behaves effectively as part of the channel of the TFT. In both the 
on-state and the off-state a longitudinal distribution of the potential drop 
between regions 1 and 3 is obtained in the region 5 modulated by the gate 
e.ectrode 12. In the off-state, the region 5 may be depleted vertically across 
the th.ckness t of the region 5 by the charge state induced by the potential on 
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the gate 12, more so than by the spread of a depletion layer from the drain 
region 3. 

For the specific non-symmetrical TFT example having a region 5 with an 
overlapped length L2 of 2//m and an activated dopant dose of 10 12 cm" 2 , Figure 
4 is a plot of the potential V along the semiconductor film pattern 11 from the 
source region 2 to the drain region 3. The regions 2, 1, 5 and 3 along this 
current path are indicated on this graph of Figure 4. The simulation of Figure 
4 assumes sharp transitions in doping concentration from 10 15 cm" 2 in regions 

2 and 3 to 10 12 cm 2 in regions 4 and 5 to zero doping in region 1. The 
transitions were based on gaussians with a standard deviation of 10 nm. For 
the simulation of Figure 4, voltages of 7.5 volts and 15 volts (relative to the 
source 2) were assumed to be applied to the gate electrode 12 and to the drain 
region 3 respectively. The source region 2 is at -4 volts, and the drain region 

3 is at +11 volts. Figure 4 shows how the potential difference of 15 volts 
between the source region 2 and the drain region 3 is dropped both in the 
undoped channel region 1 and in the low-doped drain region 5. The plot is 
taken at a depth of 2.5 nm in the film 11. where it is estimated that the peak 
field occurs below the interface of films 11 and 13 overlapped by the gate 
electrode 12. With a gate voltage Vg of 7.5 volts, the TFT is only just in the 
on-state, and this condition is considered to be the worst condition for 
degradation effects. 

Figure 5 is a transformation of the simulation of Figure 4 to show the 
electric field intensity at this depth along the semiconductor film pattern 1 1 from 
the source region 2 to the drain region 3, instead of the potential cf Figure 4. 
As can be seen from Figure 5, the redistribution of the potential (due to the 
inclusion of the overlapped field-relief region 5) results in the electric field E 
along the overlapped length L2 of the field-relief region 5 exhibiting a first peak 
E1 between the undoped channel region 1 and the low doped field-relief region 
5 and a second peak E2 between the low doped field-relief region 5 and the 
highly doped drain region 3. These peaks E1 and E2 are considerably less in 
intensity than the single field peak which would occur between an undoped 
channel region 1 and a highly doped drain region 3 in the absence of the 
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overlapped field-relief region 5. Furthermore, the long length L2 of the 
overlapped field-relief region 5 ensures separation of the peaks E1 and E2 
This separation of the peaks E1 and E2 reduces the field intensity. 

The simulations of Figures 4 and 5 assumed a sharp transition in doping 
■> level between the regions 2, 1 , 5, and 3. However, it is advantageous to grade 
the doping concentration between the field-relief region 5 and the drain region 
3 so as to reduce the intensity of the second peak E2, and to grade the doping 
concentration of the field-relief region 5 into the channel region 1 so as to 
reduce the intensity of the first peak E1 This grading of the doping transitions 
may be achieved by diffusion of the doping levels, by prolonging a laser 
annealing treatment which is used to remove implantation damage in the silicon 
material and activate the implanted dopants. Thus, for example, after the 
implantation step illustrated in Figure 2, the mask 32 is removed and a laser 
beam is swept along the silicon film pattern 11 to anneal the implantation 
damage and to activate the implanted dopant. By prolonging this laser 
annealing treatment, some diffusion of the implanted dopant at the edge of the 
undoped channel region 1 can be obtained. 

Figure 6 shows experimental results of the improvement in hot-carrier 
degradat.on achieved using such an overlapped long field-relief region 5 in a 
TFT structure in accordance with the invention, as compared with a similar TFT 
structure without any field-relief region 5. The voltage value Vd 30% in Figure 
6 ,s the value of drain voltage applied to the drain region 3 which produces a 
30% drop in the on-current through the TFT within one minute of operation in 
the on-state. Therefore this voltage Vd 30% is a measure of hot carrier 
degradation of the on-current due to the electric field intensity between the 
channel region 1 and the drain region 3. Curve A in Figure 6 is for the TFT 
structure in accordance with the present invention, having the gate-overlapped 
long field-relief region 5. Curve B is for a similar TFT structure which does not 
have any field-relief region 5. .n these TFT structures, the length L1 of channel 
reg,on 1 was 6pm, the thickness of the silicon dioxide film 13 was 0 15„m and 
the region 5 was provided in accordance with the invention with a phosphorous 
•on dose of 5.10- cm* and a length L2 of 2*m overlapped by the gate 
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electrode 12. Both TFTs are in the off-state at Vg of 0 volts and only just on 
at Vg of 7.5 volts and are fully on at higher values of Vg. As can be seen from 
Figure 6, the inclusion of a gate-overlapped long field-relief region 5 in 
accordance with the present invention results in a very large increase in hot- 
carrier stability of the TFT, in both off and on states, and this improvement is 
achieved without an increase in series resistance. 

Figures 1 and 2 illustrate the inclusion of a gate-overlapped field-relief 
region 5 in accordance with the present invention in a self-aligned implanted 
TFT structure. However, the present invention may be adopted in a wide 
variety of TFT structures. In the embodiment of Figures 1 and 2, the silicon 
film pattern 1 1 is formed from a single film, and the source and drain regions 
2 and 3 and the field-relief region 5 are formed by locally doping areas of this 
single film. Figures 7 and 8 illustrate a TFT embodiment in accordance with 
the present invention in which the TFT silicon film pattern 1 1 comprises multiple 
films each having a different doping concentration. 

In the TFT embodiment of Figures 7 and 8, the source and drain regions 
2 and 3 are formed from a highly doped n+ silicon film deposited on the 
insulating substrate 10 and divided by etching to form the separate regions 2 
and 3. The lower doped regions 4 and 5 are formed by depositing a lower 
doped silicon film 45 and then dividing it to separate the regions 4 and 5 which 
extend onto to the substrate 10 from over the regions 2 and 3. Finally, the 
channel region 1 is provided by depositing an undoped silicon film 45 over the 
thin film structure 3 and 5 and on the substrate 10. The resulting silicon thin- 
fiim structure 3, 5, 45 and 41 is men etched into the separate TFT islands 11 
on the substrate 10. The low-doped regions 4 and 5 are formed by the parts 
of the film 45 which do not overlap the source and drain regions 2 and 3. The 
channel region 1 is formed by the area of the film 41 which does not overlap 
the film parts 45. 

After depositing a gate dielectric film 13 of, for example, silicon dioxide, 
the gate electrode 12 is formed by providing a conductive film portion on the 
dielectric film 13 over the channel region 1 and over the low-doped regions 4 
and 5. The resulting TFT structure is shown in Figure 7. There is a sharp 
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transition in the doping concentrations between the undoped layer 41 low- 
doped «ayer 45 and highly doped regions 2 and 3 because only low 
temperatures are used during the growth of the films 45 and 41 on the 
substrate 10. However, thermal diffusion and hence a noticeable grading of 
» these doping concentrations can be achieved by a laser heating treatment of 
the thin-film structure of Figure 8. Thus, Figure 8 illustrates heating this film 
structure with an energy beam 50 from, for example, an excimer laser in order 
to diffuse the doping concentrations at the interfaces of the different films This 
laser treatment may also be used to crystallise the film structure 2,3,45,41 into 
large-grain polycrystalline material. 

Instead of or in addition to thermal diffusion, other process steps may be 
used to grade the doping concentration at the interfaces of the field-relief region 
5 wrth the undoped channel region 1 and the highly doped drain region 3 
Thus, for example, when ion implantation is used to provide the doping 
concentration, an edge of the implantation mask may be bevelled so as to 
grade the doping concentration implanted at this area. By way of example 
Figure 2 shows a bevelled edge forthe implantation mask 32 for the n- implant' 
and F,gure 1 shows a bevelled edge for the gate implantation mask 13 for the 
n+ source and drain implant. In this embodiment of Figures 1 and 2 the 
doping concentration of the regions 4 and 5 is substantially uniform along the 
length L3 and L2 of these regions 4 and 5 except where graded at the 
interfaces with the undoped channel region 1 and the highly-dopec, source and 
drain regions 2 and 3. 

Figure 9 shows a further modification in accordance with the present 
■nvention, in which the doped regions 2. 3. 4 and 5 are formed by a single 
implantation step into an undoped siiicon single fiim 1 1 . The implantation mask 
oompnses the gate electrode 12 which has very long bevelled edges 34 and 
35. These bevelled edges 34 and 35 are sufficiently long that the dopant ions 
implanted therethrough form the long low^oped regions 4 and 5 of length L3 
and L2 between the undoped channel region 1 and the highly doped source 
and drain regions 2 and 3. 

In the embodiments of Figures 1. 2 and 9 the gate electrode 12 is 
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formed as a single layer extending over the regions 1, 4 and 5. However, the 
gate electrode 12 may be formed by two overlapping layers, namely a first 
(narrow) layer over the channel region 1 and a second (wider) layer which 
extends also over the regions 4 and 5. The first narrow layer may provide an 
implantation mask 32 for masking the channel region 1 against an n- implant 
for the regions 4 and 5. The second wider layer may provide an implantation 
mask for the implantation step used to provide the n+ source and drain regions 
2 and 3. Both the first and second layers may have bevelled edges to provide 
a graded doping concentration by implantation therethrough. 

Figure 10 illustrates yet another TFT structure in accordance with the 
present invention. It comprises multiple films forming the semiconductor film 
pattern 1 1 of the TFT and may be considered to be a modification of the TFT 
structure of Figure 7. However, in the TFT of Figure 10, the undoped 
polycrystalline silicon film 41 which provides the channel region 1 is deposited 
on the insulating substrate 10 before depositing one or more doped 
polycrystalline films 46 for the regions 2 to 5. The doped regions 2 to 5 are 
formed by depositing the film or films 46 and then etching away areas of these 
films in order to define the lateral extent of the regions 1 to 5 and the TFT 
island 11. Thus, in this case, the drain region 3 and field-relief region 5 may 
be formed by a) depositing a semiconductor film 46 while increasing gradually 
the dopant content in the deposition gases so that the film 46 is deposited with 
a doping concentration which increases progressively from the field-relief region 
5 (n-) to the drain region 3 (n+) and b) defining a interface between the drain 

region 3 and the aajaceni pan or me i«iu-.c. ic . ■=a««' - ~* ~~ » ' 

area of the increased doping concentration to leave a bevelled surface 37 
between the drain region 3 and the field-relief region 5. This etch definition in 
the specific example of Figure 10 also extends deeper to expose the channel 
region 1 and also forms a similar bevelled surface 37 at the source end of 
channel region 1. After providing the gate dielectric film 13, the overlapping 
gate electrode 12 is then provided on the dielectric film 13 over the channel 
region 1 and over the low-doped regions 4 and 5. The resulting structure is 
shown in Figure 10. 
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In the embodiments of Figures 1 to 10 the gate electrode 12 is formed 
at the upper faoe of the TFT structure remote from substrate 1 0. However a 
TFT ,n accordance with the present invention may have a gate electrode 12 
provided on the substrate 10 before depositing a gate dielectric film 13 after 
s which a silicon film for the TFT body structure 1 1 is deposited. The TFT region 
structure 1 to 5 is formed subsequently in this semiconductor film by localised 
doping. Figure 11 illU strates such a modincaUon at an ion implantation stage 
comparable to that of Figure 2. tn this implantation stage the low doping 
concentration for me regions 4 and 5 is provided, while using an implantation 
mask 32 over the area which is to form the undoped channel region 1 The 
■replantation mask 32 is present, in this example, on an insulating layer 39 on 
the silicon film 11. As can be seen from Figure 11 me gate electrode 12 is 
much wider than the undoped channe. region 1. so that the subsequently 
formed field-relief region 5 overlaps this gate electrode 12. 

When the silicon film or the TFT body 11 is crystallised by laser 
anneahng. ,he laser anneal may be carried out after providing the doping 
concentrations for the regions 4 and 5 and/or the regions 2 and 3. In fhis case 
the laser annea. may be used to thermally diffuse these doping concentrations 
so that a doping gradient is formed at the transitions between the regions 1 to 
5. Such a laser annealing and diffusion trealment may be earned out after the 
implantation steps of Fiqures 2 anH 1 1 »r,w «~ u. 

^ , W r.gures z and 11, and so it may also be used to anneal 

the implants. 

The manufacture of M-channe. TFTs having n-type regions 2 to 5 has 
been , iUustreted wKh reference to the drawings. However, the invention may 
also be used in the manufacture of p-channe. devices, having highly^oped p- 
type source and drain regions 2 and 3 wim a .ower-doped p-type field-relief 
reg,on 5 and (if desired, a simiiar ,ow-doped region 4. ,n the embodiments 
desenbed jhe semiconductor film pattern 11 is of polycrystalline silicon. 
However TFTs may be manufactured in accordance with the present invention 
■n and on semiconductor film patterns of amorphous silicon or of another 
d-soreered semiconductor materia., for example cadmium setenide or cadmium 
sulphide. 




18 PHB 34162 



10 



15 



From reading the present disclosure, other variations and modifications 
will be apparent to persons skilled in the art. Such variations and modifications 
may involve equivalents and other features which are already known in the 
design, manufacture and use of electronic devices comprising TFTs and other 
semiconductor devices and component parts thereof and which may be used 
instead of or in addition to features already described herein. Although Cla.ms 
have been formulated in this Application to particular combinations of features, 
it should be understood that the scope of the disclosure of the present 
invention also includes any novel feature or any novel combination of features 
disclosed herein (either explicitly or implicitly) or any generalisation thereof, 
whether or not it relates to the same invention as presently claimed ,n any 
Claim and whether or not it mitigates any or all of the same technical problems 
as does the present invention. The Applicants hereby give notice that new 
Claims may be formulated to such features and/or combinations of such 
features during the prosecution of the present Application or of any further 
Application derived therefrom. 



CLAIMS 
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1. An electronic device including thin-film circuit elements which 
comprise a semiconductor film pattern on an insulating substrate, one of the 
circuit elements being a thin-film field-effect transistor having a gate electrode 
which overlaps and is coupled to an undoped channel region of the 
semiconductor film pattern for controlling current flow through the channel 
region, wherein the transistor has a field-relief region of one conductivity type 
between the undoped channel region and a drain region of the one conductivity 
type, the conductivity type determining doping concentration of the field-relief 
region being lower than that of the drain region, wherein the gate electrode 
overlaps and is coupled to the field-relief region, the overlapped length of the 
field-relief region being larger than the thickness of the semiconductor film 
pattern. 



2. An electronic device as claimed in Claim 1, characterised in that 
the electric field along the overlapped length of the field-relief region exhibits 
a first peak between the channel region and the field-relief region and a second 
peak between the field-relief region and the drain region, and the doping 
concentration between the field-relief region and the drain region is graded to 
reduce the intensity of the second peak. 

3. An electronic device as claimed in Claim 1 or Claim 2, 
characterised in that the electric field along the overlapped length of the field- 
relief region exhibits a first peak between the channel region and the field-relief 
region and a second peak between the field-relief region and the drain region, 
and the doping concentration of the field-relief region is graded into the channel 
region to reduce the intensity of the first peak. 

4. An electronic device as claimed in any one of the preceding 
Claims, characterised in that the doping concentration from the field-relief 
region to the drain region and/or channel region is graded so as to vary 
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progressively over at least 20%, preferably a third or more, of the .entire length 
of the field-relief region between the channel region and the drain region. 

5. An electronic device as claimed in any one of the preceding 
Claims, further characterised in that the overlapped length of the field-relief 
region is in excess of 1 //m (micrometre), and preferably is sufficiently long to 
separate a first peak occurring in the electric field between the channel region 
and the field-relief region from a second peak occurring in the electric field 
between the field-relief region and the drain region. 

6. An electronic device as claimed in any one of the preceding 
Claims, further characterised in that the conductivity type determining doping 
concentration of the field-relief region is of the order of 10 17 cm 3 , for example 
about 5 x 10 17 cm' 3 . 

7. A method of manufacturing an electronic device as claimed in any 
one of Claims 1 to 6, wherein the doping concentration of the drain region is 
provided by dopant ion implantation while using the gate electrode as a mask, 
the edge of the gate electrode being bevelled so as to grade the implanted 
doping concentration from the drain region to the field-relief region. 

8. A method of manufacturing an electronic device as claimed in any 
one of Claims 1 to 6, wherein the drain region and at least the adjacent part of 
the field-relief region are formed by (a) depositing a semiconductor film *»v:th a 
doping concentration which increases progressively from the field-relief region 
to the drain region, and (b) defining an interface between the drain region and 
the adjacent part of the field-relief region by etching away an area of the 
increased doping concentration to leave, for example, a bevelled surface 
between the drain region and the field-relief region. 

9. A method of manufacturing an electronic device as claimed in any 
one of Claims 1 to 6, wherein the doping concentration of the drain region is 
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the field-retef region and the drain region. 

10. An electronic device having any one of the novel features 
descnbed herein and/or i„ ust ra,ed in the accompanying drawl gs I 
manufactured by a method having any one of the novel features described 
heretn and/or illustrated in the accompanying drawings 
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